ABSTRACT
INTRODUCTION
No-till systems are as one of the most effective strategies to improve the sustainability of farming system in the tropical and subtropical regions by reducing soil and nutrient losses through erosion (Lal 1995; Hobbs et al. 2008) . The growth of the area under no-till has been especially rapid in South America where some countries such as Argentina, Brazil, Paraguay, and Uruguay are using this system on about 70% of the total cultivated agricultural area (Derpsch and Friedrich 2009) . In Brazil, the cultivated agricultural area under no-till has rapidly increased to 25.5 million hectares (Derpsch and Friedrich 2009), including the areas in which conventional crop management systems and natural pasture grazing by the cattle are common.
With the evolution of agriculture, many advances related to the crop management and the development of genotypes with high productive potential adapted to different environments have been achieved. Because the search for higher grain yield originated great changes in relation to the genetic interaction with management techniques, over the years, maize crop is often regarded as a kind of technological development model. Landraces have been gradually substituted by maize hybrids with higher productive potential, which resulted in genetic erosion of maize landraces (Paterniani 1980) . Despite being less productive than the maize hybrid varieties, the landraces present high potential of adaptation to soil-climate conditions, lower cost to obtain the seeds and high crop potential to attend market niches (Paterniani et al. 2000; Pinto et al. 2009 ). However, very little information is known about their nutritional demands for agronomic adaptation to different crop environments. Fertilizers cost in Brazil has contributed significantly to the reduction of crop profits. Organic fertilizers might become a viable alternative for the maize landrace production by small farmers, considering the high cost of mineral fertilizers and the possibility of aggregating value to the product through quality improvement. Poultry litter is one of the best organic fertilizers available for agriculture uses as it shows the ability to increase the organic matter and supply, mainly, nitrogen (N) and phosphorus (P) to the plants (Moore et al. 1995; Endale et al. 2008; Yadvinder-Singh et al. 2009 ). Reactive rock phosphates (sedimentary rocks) might also be an interesting option for small farmers in replacement to the totally acidulated phosphates, as they usually represent lower cost per P unit. They are usually less soluble in water and effective within specific conditions of soil management, such as high organic matter and clay content acid soils, with high P adsorption capability (Chien and Menon 1995; Prochnow et al. 2006; Pauletti et al. 2010) . Despite increasing interest in substituting the mineral fertilizers by organic fertilizers and fast growth of no-till crop areas in Brazil, effects of organic fertilizers on the surface, both in sowing and topdressing, aiming at replacing or complementing mineral fertilization in maize crops are unknown. This work examined the effects of organic and mineral fertilizers at sowing and topdressing on soil chemical attributes and grain yield of maize landrace crop under a no-till system.
MATERIALS AND METHODS
The experiment was carried out at Ponta Grossa, Paraná State, Brazil (25º10'S, 50º05'W), on a loamy Typic Hapludox under a no-till system for eight years. Table 1 shows the soil chemical analyses results, layers 0-10 to 10-20 cm, carried out before the beginning of the experiment. A randomized complete block design was used, with three replications in a 4 × 3 factorial arrangement. The 38.4 m 2 (6.4 × 6.0 m) plots received four treatments of fertilizers at sowing: no fertilization, organic fertilization, NK + reactive natural phosphate from Arad (RNF) and NPK mineral fertilization, as well as three treatments of topdressing fertilization: no fertilization, organic fertilization and nitrogen mineral fertilization. Based on the results of the soil chemical analyses and the maize nutritional demands, 30 kg ha -1 of N, 60 kg ha -1 of P 2 O 5 and 45 kg ha -1 of K 2 O were applied at sowing and 120 kg ha -1 of N at topdressing. Organic fertilization at sowing and topdressing was carried out by applying the poultry litter on the soil surface at 10 and 5 t ha -1 respectively, based on dry weight and organic fertilizer nutrients ( Table 2 ). The rates of poultry litter used at sowing and topdressing were calculated from the maize crop need of N, considering about 50% mineralization (CQFS -RS/SC, 1997) of the total N found in the compound. Nitrogen, P, and K mineral sources used were urea, triple superphosphate (TSP) and potassium chloride (KCl), respectively. The topdressing fertilization was carried out at the vegetative stage V 4 . Water content O r g a n i c-C N P K C/N ratio -389.4 194.1 16.3 11.4 16.7 11.9 Analysis performed according to the methods described by Kiehl (1985) . (Machado et al. 1999) . Seasonal rainfall and air temperature data for the period 2006-07 when the maize crop was in the field are shown in Figure 1 . Throughout the development period of the crop, weather conditions were normal and there was no water limitation. Samples of leaves were collected at the beginning of the maize crop flowering. The leaf under and opposite to the ear was picked from 30 plants in each plot. Chlorophyll content was measured in the leaves collected, with ten readings of the central part of each leaf, using a Minolta SPAD-502 chlorophyllometer. After that, the leaves samples were washed with deionized water, the leaves ends were cut out and the veins removed. The leaves samples that contained the mid-third without veins were dried in a forced-air oven at 60 ºC until constant mass was achieved and ground. Nitrogen, P, and K contents were determined according to the methods described by Malavolta et al. (1997) .
Ten plants from each plot were used for measurement of culm diameter and height carried out at the flowering peak. Culm diameter was measured with a pachymeter and the plants height with a ruler, from the plant base to the last culm node. At the same time, ten plants were randomly removed from each plot. Plants collected were then washed with deionized water and dried in oven with forced air circulation at 60 ºC until the constant mass was obtained. After dry matter production evaluation, the plants were ground and after that N, P and K contents were determined according to Malavolta et al. (1997) . Extraction of N, P, and K by the maize plants was calculated by multiplying the dry matter production by the nutrients concentration in the shoot. Maize grain yield was evaluated after the physiological maturation of the crop through handpicking and threshing with a stationary thresher. The four central rows of each plot were harvested, discharging 1 m of each end (12.8 m 2 ). Grain yields were corrected to 130 g kg -1 moisture content. While harvesting, the total number of plants was counted as well as the number of lodged plants within the area (12.8 m 2 ) used for the calculation of lodging percentage. Soil samples were taken as soon as maize was harvested. To obtain a composite sample, five soil cores (two from each inter row and one from the sowing row) were taken from three different locations in each plot at 0-5, 5-10 and 10-20 cm depth using a soil probe. Organic carbon content was determined through the Walkley-Black method. Exchangeable K + was extracted with Mehlich 1 solution (Pavan et al. 1992 ) and P with Mehlich 1 solution (Pavan et al. 1992 ) and anionic exchange resin (Raij et al. 2001) . Results were submitted to the analysis of variance, following a randomized complete block design in a factorial arrangement model. Treatment effects were compared by the Tukey test at p = 0.05. 
RESULTS AND DISCUSSION
Variance analysis of the chemical analyses of soil did not reveal a significant interaction between the fertilization treatments at sowing and topdressing. The organic C and exchangeable K + contents, at different soil depths were not influenced by the organic or mineral fertilization at sowing or topdressing (Table 3) . Soil P content extracted with Mehlich 1 solution or resin was significantly higher at the soil surface layer (0-5cm) when organic fertilization at sowing was applied, when compared with the treatments without fertilization or with NK + RNF and NK + TSP fertilization. Table 3 -Contents of organic C, exchangeable K, and available P in the soil as affected by the fertilizer treatments at sowing and topdressing for growing the maize landrace under a no-till system. Same letters in the columns do not differ significantly by Tukey test at p = 0.05.
Treatment
Organic Anionic exchange resin presented higher sensitiveness than Mehlich 1 solution to detect the increase in soil P at 0-10 and 0-20 cm depths, with organic fertilization at sowing, and also at 0-5 cm depth, with topdressing organic fertilization. Soil P-resin content at 0-10 cm depth was similar with the use of organic fertilization or NK + TSP at sowing. However, the higher increase in soil P was obtained with the addition of poultry litter on the soil surface at sowing. According to the available P found in the soil, compared to the control treatment, it could be observed that there was high P mineralization added by the poultry litter. Besides, due to the presence of calcium and magnesium phosphates and the formation of precipitates in the poultry litter (Fordham and Schwertmann 1977) , continuous P release occurs during the growing time because such compounds tend to react more slowly than the soluble fertilizers (Sharpley and Sisak 1997) . This effect was also expected with the application of RNF; however, the P rate added with the use of RNF was smaller than the one applied through poultry litter. Considering the TSP application, its high solubility might have resulted in an increase in P availability at the early development of the maize crop; however, at the time of the soil sampling, there was no difference in relation to the treatment without fertilization. It should be considered that the soil had sufficient content of P at the 0-10 cm depth (Table 1) . Leaf content and uptake of N, P, and K by maize landrace plants were not significantly influenced by the interaction between the fertilizers treatments at sowing and topdressing. Organic fertilizer applied during the maize sowing provided better N leaf content than the treatments without fertilizers and with NK + RNF and NK + TSP fertilization (Table 4) . Nitrogen extraction by the shoot of maize was higher after organic fertilization or NK + TSP application than after NK + RNF application or without fertilizers at sowing. Such effects should be regarded as a result of N × P interaction, since N extraction by the shoot was not significantly different in the treatments without fertilizers or with NK + RNF at sowing. Thus, higher soil P content provided by the organic fertilizaers and TSP addition might have favored N uptake by the maize plants. Alves et al. (1999) also observed higher N accumulation in the shoot of maize when P and N were supplied together to all root system. The increase in P concentration in the maize leaf tissue resulting from the organic fertilization at sowing (Table 4) was followed by the increase in soil P availability, extracted by Mehlich 1 solution or resin (Table 3 ). It was observed that exchangeable K + content in the soil was not limiting and the treatments with organic or mineral fertilization at sowing did not exert any influence on the K + content in the soil (Table 3 ) or in the maize leaf tissue (Table 4) . On the other hand, N extraction by the shoot and N, P and K concentrations in the maize leaves were significantly higher with urea application than with organic fertilizer in topdressing (Table 4) . Therefore, organic fertilization with poultry litter proved efficient in providing adequate nutrition to maize, when employed to replace the mineral fertilization at sowing, but urea provided a better plant nutrition than the poultry litter fertilization in topdressing. Table 4 -Leaf content and uptake of N, P, and K by maize landrace plants as affected by fertilizer treatments at sowing and topdressing under a no-till system.
Leaf content Nutrient uptake Figure 2 shows correlation data obtained between the soil P (0-20 cm) extracted by Mehlich 1 solution and resin and maize landrace leaf P contents for the treatments with organic fertilizer with poultry litter and mineral fertilizer with NK + TSP at sowing. Treatments without fertilizers and NK + RNF fertilizers at sowing did not result in soil P changes (Table 3) , and, for this reason, were not taken into consideration in this analysis. The increase in soil P detected by the Mehlich 1 and resin extractants (Table 3 ) was correlated to P increase in the maize leaves, when organic fertilizer was surface-applied at sowing ( Figure  2 ). However, when NK + TSP was applied in the sowing furrow, only the extraction with the resin method detected gains in soil P availability related to increase in P content in the maize leaves.
Figure 2 -Relationship between soil P (0-20 cm) extracted by Mehlich 1 solution ( ) and resin ( ) and maize landrace leaf P contents for the treatments with organic fertilizer with poultry litter and mineral fertilizer with NK + triple superphosphate at sowing. *: p < 0.05 and **: p < 0.01.
Mehlich 1 solution extracts P bound to Ca and, in lower proportion, P bound to Fe and Al (Raij 1991) . Acid extractants have been criticized, mainly for their capability to solubilize the unavailable P to the plants in the soils that received natural phosphates application (Moreira and Malavolta 2001) . Extraction of soil P by anionic exchange resin presents certain similarities with P uptake by the plants roots, characterized by labile P transference to the soil solution and from there to the roots (Silva and Raij 1999) . Some studies have shown superiority of the resin method in discriminating the available P in the soils fertilized with natural phosphates (Korndörfer et al. 1999 ). However, soil P determination by the resin in these circumstances is also subject to problems resulting from intense soil milling, with disaggregation and particle breakage, jeopardizing the analytical results (Novais and Smyth 1999) . In the present study, both the extractants, Mehlich 1 and resin, presented similar efficiency in estimating the available P after RNF application. That meant that none of the extractants detected changes in soil P content following RNF application (Table 3) , but P content in the maize leaf tissue was not changed after RNF application (Table 4) . A closest relationship between the soil P and leaf P contents was obtained with Mehlich 1 after organic fertilization with poultry litter and with anionic exchange resin after fertilization with TSP ( Figure 2 ). Chlorophyll content in the leaves (SPAD), dry biomass, height, culm diameter, and lodging of maize landrace plants were not significantly influenced by the interaction between the fertilizers treatments at sowing and topdressing. Chlorophyll reading (SPAD) in the maize leaves (Table 5) showed similar behavior as the N leaf content (Table 4) to the fertilizers treatments at sowing and topdressing. The highest chlorophyll values in the leaves were obtained with organic fertilization at sowing and urea at topdressing (Table 5 ). The close correlation (r = 0.87, p < 0.01) obtained between the N content (ŷ, in g kg -1 ) and chlorophyll reading (x, in SPAD) in maize landrace leaves (ŷ = -7.88 + 0.787x) showed the possibility to estimate the N content in leaf tissue based on the chlorophyllometer reading. The chlorophyll relative content was based on the positive correlation between the chlorophyll and leaf N levels (Argenta et al. 2001; Rambo et al. 2004) , so that the indirect measurement of chlorophyll in the leaves through portable devices in the field might provide valuable information for the management of nitrogen fertilization. NK + TSP application at sowing resulted in higher maize plants and larger dry biomass production than the treatment without fertilizers, even if the plants height and dry biomass production were similar for all the organic or mineral fertilizers treatments at sowing (Table 5 ). The plants culm diameter was larger in the treatments with organic or mineral fertilizers at sowing than in the treatment without the fertilizers. Regarding topdressing fertilization, the use of urea resulted in plants with increased height and larger dry biomass production than the treatment without fertilizers and plants with larger culm diameter than the treatment with organic fertilizer. The dry biomass production in the treatment with poultry litter application at topdressing was similar to the treatment without topdressing. Improvement in the plant nutrition caused by the fertilizers at sowing resulted in more vigorous plants resistant to lodging, taking into consideration that the highest percentage of lodged plants was obtained in the treatment without fertilization at sowing. The elevated percentage of lodged maize plants in the present study was a result of the high height of the landrace variety associated with the occurrence of winds in the region. Maize grain yields were significantly influenced by the interaction between the fertilizers treatments at sowing and topdressing ( Fig. 3 and  4) . When there was no topdressing fertilization, organic fertilization with poultry litter resulted in a higher maize yield than the treatment without fertilization at sowing (Fig. 3) . Maize yield was higher with poultry litter or NK + RNF and NK + TSP in relation to the treatment without fertilization at sowing, when poultry litter was applied at topdressing (Fig. 3) . Fertilization with NK + TSP resulted in a higher maize yield than the treatment without fertilization at sowing, when urea was used at topdressing (Fig. 3) . Topdressing fertilization, both poultry litter and with urea, did not change maize yield in the absence of fertilization at sowing (Fig. 4) . Urea application provided a higher maize yield than topdressing poultry litter fertilization, when fertilization at sowing was poultry litter or with NK + RNF and NK + TSP (Fig. 4) . Results revealed that in order to obtain higher maize landrace yield, fertilization at sowing could either be organic with poultry litter or mineral with NK + RNF or NK + TSP, but topdressing fertilization should be with urea.
Poultry litter application at topdressing showed low efficiency for the maize production, with similar effect to treatment without topdressing. Because the mineralization of organic N of the poultry litter occurs over time after application (Yadvinder-Singh et al. 2009 ), the utilization of N from poultry litter by maize crop is increased with the previous application at sowing. 
CONCLUSIONS
Organic fertilization with poultry litter on the surface at sowing of maize landrace under a no-till system resulted in higher available P in the soil surface layer than NK + reactive natural phosphate from Arad and NK + triple superphosphate in the sowing furrow. For maize landrace production under a no-till system, mineral fertilization in the sowing furrow could be replaced by organic fertilization with poultry litter on the surface. However, topdressing fertilization with urea provided better plant N nutrition and higher grain yield, therefore it is not advisable to replace it by organic fertilization with poultry litter.
